We study the nonlinear coupled evolution equations which model the transient MHD natural convection and mass transfer flow of viscous, incompressible and electrically conducting fluid between two infinite vertical plates in the presence of the transversal magnetic field, thermal radiation, thermal diffusion and diffusion-thermo effects. Both analytical and numerical methods are used for this study.
Introduction
Heat and mass transfer flow of an electrically conducting fluid between parallel plates in the presence of a magnetic field and thermal radiation is of a special significance both naturally and in many industrial applications such as magnetohydrodynamic power generators, pumps, cooling of nuclear reactors, geothermal systems, thermal insulators, nuclear waste disposal, petroleum and polymer technology, heat exchangers and others [1] . One of the earliest studies in this field was carried out by [2] . They analyzed the influence of the effects of a transverse uniform magnetic field on the flow of a viscous incompressible electrically conducting fluid exiting through parallel stationary plates that are insulated. Since then, several aspects of this problem have been investigated [3] .
It has been found that an energy flux can be generated not only by temperature gradients but also by concentration gradients. The heat transfer caused by concentration gradient is called the diffusion-thermo or Dufour effect while mass transfer caused by temperature gradients is called Soret or thermal diffusion effect. Thus, Soret effect is referred to species differentiation developing in an initial homogenous mixture submitted to a thermal gradient and the Dufour effect referred to the heat flux produced by a concentration gradient. Fouriers neglect these effects on the basis that they are of a smaller order of magnitude, than the effects described and Ficks laws in heat and mass transfer processes [4] . [5] found that the thermal diffusion effect assumes significance for instance in isotope separation and in mixtures between gases with very light molecular weight (H 2 , He) and for medium molecular weight (N 2 , air), the diffusion-thermo effects constitute a substantial effect such that it cannot be ignored. Hence several models with Soret and Dufour effect in different heat and mass transfer problems have been studied. Recently, [6] considered Dufour effect on the free-convection and mass transfer flow in a vertical channel when the boundaries are subjected to symmetric concentration and thermal input. [7] presented a theoretical treatment of unsteady hydromagnetic flow and heat and mass transfer of an incompressible electrically-conducting and radiating fluid in a vertical filled with porous medium taking into account the Soret number. [4] considered the effect of thermo-diffusion on MHD mixed convective heat and mass transfer flow of a viscous fluid through a porous medium with radiation, heat generation and chemical reaction.
The role of thermal radiation on MHD flow and heat transfer problem continues to have great deal of interest. For instance at high operating temperature, radiation effect can be quite significant. For instance, in many processes in engineering areas such as Nuclear power plants, gas turbines and the various propulsion devices for aircraft, missiles, satellites and space vehicles, knowledge of thermal radiation effect becomes very important for the design of the pertinent equipment [8] . [9] explained the behaviors of chemically reacted unsteady MHD free convection flow in the presence of thermal diffusion and diffusion thermo. [10] analyzed Soret and Dufour effects on unsteady MHD mixed convection flow past a radiative vertical porous plate embedded in a porous medium with chemical reaction. [11] discussed the effect of Soret and Dufour number on an unsteady magnetohydrodynamic free convective fluid flow past a vertical porous plate in the presence of suction or injection. [9] studied chemical reaction effect on an unsteady MHD free convection flow past an infinite vertical accelerated plate with constant heat flux, thermal diffusion and diffusion thermo. [12] examined the thermal radiation effect on the MHD three-dimensional flow of Eyring-power fluid. More recently, [13] carried out a parametric study on radiation, Soret and Dufour effects in MHD channel flow bounded by a long wavy wall and a uniformly moving parallel at wall.
In the present article, we consider the thermal diffusion and diffusion-thermo effect on MHD free convection and mass transfer flow which, will be analysed by means of non-linear Rosseland diffusion approximation. Using the Boussinesq's approximation, the governing equations for the present physical situation in the dimensional form are:
Mathematical Analysis
where 0
T is the initial temperature of the fluid and porous plates, T ′ is the dimensional temperature of the fluid, α is the thermal diffusivity, K is the thermal 
The quantity r q appearing on the right hand side of Equation (2) represents the radiative heat flux in the -y′ direction where the radiative heat flux in thex direction is considered insignificant in comparison with that in the -y′ direction. The radiative heat flux term in the problem is simplified by using the Rosseland diffusion approximation for an optically thick fluid according to [14] , where σ is Stefan-Boltzmann constant and * κ the mean absorption coefficient.
This approximation is valid for intensive absorption, that is, for an optically thick boundary layer. Despite these shortcomings, the Rosseland approximation has been used with success in a variety of problems ranging from the transport of radiation through gases at low density to the study of the effects of radiation on blast waves by nuclear explosion [14] .
The required initial and boundary conditions to be satisfied are 
To obtain the non-dimensional form of the above equations, the following dimensionless variables are introduced.
( ) 
Using Equations ( (4) and (6)) in Equations (1)- (3), we obtain the following dimensionless equations for velocity, temperature and concentration respectively.
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Analytical Solution
The governing equations presented in the previous section are highly nonlinear and exhibited no exact solutions. In general such solution can be very useful in validating computer routines of complicated time dependent two or three-dimensional free convective and radiating conducting fluid and comparison with experimental data. It is therefore of interest to reduce the governing equations of the present problem to the form that can be solved analytically. A special case of the present problem that exhibit analytical solution is the problem of steady state MHD natural convection flow in a vertical channel in a presence of thermal radiation, thermal diffusion and diffusion-thermo effects. The resulting steady state equations and boundary conditions for this special case can be written as 
To construct analytical solutions of Equations ( (11) to (13)) subject to (14) , it is assumed that the radiation parameter is small and taking a power series expansion in the radiation parameter R employs a regular perturbation method.
( )
where R is the radiation parameter ( ) 1 R  . The second and higher order of terms of R gives correction to 0 u , 0 θ and 0 φ account for thermal radiation effects.
Substituting Equation (15) in Equations ( (11), (13)) and equating like powers of R , one obtains the boundary value problem for 0 j = and
The relevant boundary conditions to be satisfied are:
The required solutions of the governing steady state energy, concentration and momentum Equations ( (16)- (21)) subject to boundary condition (22) are: 
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Using (23), we write the steady state rate of heat (Nusselt number) transfer on the boundary:
The steady state rate of mass (Sherwood number) transfer on the boundary plate from (24) as:
Also, using (25), we write the skin friction coefficient as: 
Numerical Procedure
The nonlinear partial differential Equations ( (7)- (9)) are solved numerically using semi-implicit finite difference scheme. We used forward difference formulas for all time derivatives and approximate both the second and first spatial derivatives with second order central differences. The semi implicit finite difference equation corresponding to Equations ( (7)- (9)) is as follows: 
Using the known values of θ and φ at grid point 0 t = and reducing the solution to tri-diagonal matrix we obtained temperature and concentration fields at time 
The iterative system does not restrict time step and the technique is always convergent and unconditionally stable.
Results and Discussion
This paper, examined the transient natural convective flow through a vertical channel in the presence of a thermal diffusion, diffusion-thermo and radiative heat transfer under the influence of a uniform magnetic field. The system of governing Equations (7)- (9) with the boundary conditions (10) 
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motion. This is an important controlling mechanism inflow and heat transfer processes so that the finished product meet the desire quality specification. 
Result Validation
In order to verify the accuracy of our results, the analytical solutions (steadystate) obtained from Equation (25) by Perturbation method was compared with that of numerical solution derived by semi-implicit finite difference from Equation (29). These computed results are tabulated in Table 1 . It is interesting to observe from this Table 1 
Conclusions
Transient MHD natural convection flow in a vertical channel in a presence of thermal radiation, thermal diffusion and diffusion-thermo effects confined between two infinite vertical parallel plates has been investigated. The model representing the present physical situation is highly nonlinear due to the presence of thermal radiation effect. The non-linear differential equations under appropriate initial and boundary condition are numerically solved using implicit finite difference method. Also analytical solutions are derived by regular perturbation method for steady state situation. The impact of the essential dimensionless controlling parameter on velocity, temperature, concentration, skin-friction and Nusselt number is presented with the aid of line graphs and discussed. 
